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54) DEVICE AND METHOD FOR RECORDING OPTICAL DISK 

57)Abstract: $ ;•■ — 

'URPOSE: To find an optimum recording light quantity 
:orresponding to all recordable area of individual optical 
lisk in a relatively short time. 

CONSTITUTION: When information is recorded in a trial 
vriting area 4 formed on an inner peripheral side than 
he rewritable area 2 of the optical disk 1, the optimum 
ecording light quantity is found by rotating the optical 
lisk 1 at a linear velocity the same as the linear velocity 
n at least two positions (radius R1 and radius R2) of a 
adial direction A in the rewritable area 2. Then, by 
>erforming interporation processing or extraporation 
>rocessing to the optimum recording light quantity in two 
near velocities found by such a manner by an 
iterpolation routine 26, the optimum recording light 
[uantity at all linear velocities in the rewritable area 2 is found. Thus, the optimum recording 
ght quantity is found for all areas in the rewritable area 2 of individual optical disk 1 at a 
elative short time. 
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amages caused by the use of this translation. 

rlcisefy 0 " 1 " 6 " 1 ^ ^ tranS ' ated C ° mpUter - S ° translation ma y not renect the original 
**** shows the word which can not be translated. 
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LAMS 



^laim(s)] 

^dfnr ,!Ir! ^ if? in " " ™ C ™K™<* side rather than the recordable 
ild for users of an opt,ca disk. In case information is made to record on this field for trial writing the 

Z:?:T> f ,cal d H sk , r r v: d with the ,st and 2nd iinear vei ° ci * «n to the iLl^t 

at least two locations radial [ m / above-mentioned / for users / recordable / a field 1 The record 

TZ 1 1 8 „H9 C T 01 T" Nation record on the above-mentioned optical disk 

ith the 1st and 2nd record quanhty of lights, respectively, A playback means to reproduce the 
formation recorded on the above-mentioned optical disk, and to output the 1st and 2nd regenerative 
mals corresponding to the above 1 st and the 2nd record quantity of light, A comparison S 17 
mpare the optimal regenerative signal beforehand determined as the 1st and 2nd regenerative signals 

the above, According to the comparison result ofthe above-mentioned comparison means it has an 
uimzation means to optimize the 1st and 2nd record quantity of lights supplied to the above- 
mtioned record quantity of light control means, and an operation means. The above-mentioned 
eration means The optical disk recording device characterized by calculating the record quantity of 
ht which becomes the optimal in all the linear velocity in the above-mentioned recordable field for 
*s by interpolation processing or extrapolation processing based on the 1 st and 2nd record quantity of 
hts optimized by the above-mentioned optimization means 

lata 2] The field for trial writing is formed in an inner circumference side rather than the recordable 
Id for users of an optical disk. The 1st process in which rotate the above-mentioned optical disk with 

'"'A 6 °?W 10 *? ,m( f Vel0City in at least ^ ,ocations radial t ™ ^ above-mentioned 
ordable fiehl for users , and the optimal record conditions are searched for in case information is 
de to record on this field for trial writing, The optical disk record approach characterized by having 
2nd process in wh.ch the optimal record conditions in all the linear velocity in the above-mentioned 
ordable field for users are searched for by performing interpolation processing or extrapolation 
cessing to the optimal record conditions of two linear velocity which was carried out in this way and 
wnicn it asked. J> 
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TAILED DESCRPTION 



tailed Description of the Invention] 
01] 

lustrial Application] this invention - for example, repeat record - it applies to the optical disk of a 
eshable reversible mold, and is related with a suitable optical disk recording device and its approach. 

JZJ 

scription of the Prior Art] repeat record - in case a record pit (or mark) is formed to a refreshable 

cal disk, or in case a record pit (or mark) is formed to the optical disk of a postscript mold it is 

;ssary to hold to a suitable value, the quantity of light, i.e., the record quantity of light, of the laser 

<n irradiated by those optical disks By making the configuration of the formed record pit into high 

sity uniformly, it is for lessening a playback error and raising recording density. 

)3] In order to set the record quantity of light as a suitable value, it tries and writes conventionally on 

truck which has the suitable radius in [ for users / recordable ] a field beforehand defined in the 

cal disk, a field is formed, and he is trying to check the suitable record quantity of light with this one 

ar velocity corresponding to [ try and write and 1 a radius in a field 

>4] 

'blem(s) to be Solved by the Invention] By the way, in case it records with the suitable record 
ltity of light which carried out in this way and was checked, in record in the field near the above- 
tioned trial writing field, it becomes possible for a playback error to decrease in comparison and to 
; recording density. 

»5] However, with the suitable record quantity of light checked with one linear velocity for which it 
d as mentioned above, when a video signal was recorded and the record range included the large 
from the most inner circumference of the record section for users of the above-mentioned optical 
to the outermost periphery, since linear velocity did not serve as the record quantity of light suitable 
•uck in other fairly different locations, the limitation was in densification. 
6] This invention is made in view of such a technical problem, and it aims at offering the optical 
recording device which can ask for the optimal record conditions in the record section for users of 
optical disk in a short time comparatively, and its approach. 

uis for Solving the Problem] this invention optical disk recording apparatus forms the field 4 for 
writing in an inner circumference side rather than the recordable field 2 for users of an optical disk 
shown in drawing 1 . At least two locations Rl radial [ in the recordable field 2 for users ] and R2 
se information is made to record on this field 4 for trial writing An optical disk 1 is rotated with the 
nd 2nd linear velocity equal to the linear velocity which can be set. The record quantity of light 
ol means 15 which makes information record on the above-mentioned optical disk with the 1st and 
ecord quantity of lights, respectively, A playback means 22 to reproduce the information recorded 
e optica] disk 1, and to output the 1st and 2nd regenerative signals corresponding to the above 1st 
he 2nd record quantity of light, A comparison means 23 to compare the optimal regenerative signal 
ehand determined as the 1st and 2nd regenerative signals of the above, An optimization means 25 
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ptimize the 1 st and 2nd record quantity of lights supplied to the record quantity of light control 
ins 1 5 according to the comparison result of the comparison means 23, Having the operation means 
the operation means 26 calculates the record quantity of light which becomes the optimal in all the 
ar velocity in the recordable field 2 for users by interpolation processing or extrapolation processing 
;d on the 1st and 2nd record quantity of lights optimized by the optimization means 25. 
)8] this invention optical disk record approach forms the field 4 for trial writing in an inner 
umference side rather than the recordable field 2 for users of an optical disk 1, as shown in drawing 
\t least two locations Rl radial [ in the recordable field 2 for users / A ] and R2 in case information 
lade to record on this field 4 for trial writing The 1st process in which rotate an optical disk 1 with 
ar velocity equal to the linear velocity which can be set, and the optimal record conditions are 
ched for, By performing interpolation processing or extrapolation processing to the optimal record 
ditions in two linear velocity which was carried out in this way and for which it asked, it has the 2nd 
:ess in which the optimal record conditions in all the linear velocity in the recordable field 2 for users 
n optical disk 1 are searched for. 
)9] 

iction] In case information is made to record on the field 4 for trial writing formed in the inner 
umference side rather than the recordable field 2 for users of an optical disk 1 according to this 
jntion optical disk recording apparatus, by the record quantity of light control means 1 5 At least two 
tions Rl radial [ in the recordable field 2 for users / A ], and R2 An optical disk 1 is rotated with the 
uid 2nd linear velocity equal to the linear velocity which can be set Information is made to record 
n optical disk 1 with the 1st and 2nd record quantity of lights, respectively. With the playback 
ns 22, the comparison means 23, and the optimization means 25 The 1st in the 1st and 2nd linear 
icity of the above in the field 4 for trial writing optimized and the 2nd record quantity of light are 
ulated. He is trying to calculate the optimal record quantity of light in all locations radial [ in the 
►rdable field 2 for users / A ] based on the 1st and 2nd record quantity of lights by which 
mization was carried out [ above-mentioned ] with the operation means 26. For this reason, the 
tnal record quantity of light can be comparatively calculated in a short time from all the fields in the 
»rd section 2 for users of each optical disk 1 . 

0] When making information record on the field 4 for trial writing formed in the inner 
jmference side rather than the recordable field 2 for users of an optical disk 1 in the 1st process 
>rding to this invention optical disk record approach, At least two locations Rl radial [ in the 
rdable field 2 for users / A ], and R2 An optical disk 1 is rotated with linear velocity equal to the 
ir velocity which can be set, and the optimal record conditions are searched for. In the 2nd process 
i locations Rl which were carried out in this way and for which it asked, and R2 He is trying to 
ch for the optimal record conditions in all the linear velocity in the recordable field 2 for users by 
orming interpolation processing or extrapolation processing to the optimal record conditions in 
ir velocity equal to the linear velocity which can be set. For this reason, all in the record section 2 
isers of each optical disk 1 can carry out a field pair, and it can ask for the optimal record conditions 
short time comparatively. 
1] 

imple] Hereafter, one example of the optical disk recording device with which this invention optical 
record approach was applied is explained with reference to a drawing. 

2] Drawing 1 shows the rough configuration of the optical disk record regenerative apparatus with 
;h the optical disk recording apparatus by this example was applied. Drawing 2 shows the flat- 
ice configuration of the optical disk. 

3] In drawing 1 and drawing 2 , 1 is an optical disk and this optical disk 1 has the rewritable field 2 
:h is a recordable field for users, this rewritable field 2 - radius Rl from - radius R2 up to - it is a 
•like field. Moreover, the field 4 for trial writing is formed in the inner circumference side of this 
itable field 2. this ~ trying - writing - business - a field 4 - radius RO from - radius Rl up to - it 
ield on a ring. In addition, the optical disk which can be written in only not only an optical disk 
itable as an optical disk 1 but once is sufficient. 
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)14] The optical pickup 5 for countering the disk side of this optical disk 1, and performing writing or 
iding of a record pit is arranged. An optical pickup 5 has an objective lens 6 and a mirror 7, and it is 
nstituted so that it may be moved to radial [ of an optical disk 1 / A ] by the delivery device which 
nsists of motor 9 grades for delivery in a guard rail 8 top. 

)15] It is specified by the encoder connected to the revolving shaft of a spindle motor 8, and the 
nation R on radial [ of an optical pickup 5 /A], i.e., a radius, is the radius data DR. It carries out and a 
stem controller 10 is supplied. A system controller 10 is the radius data DR from the above-mentioned 
coder. The above-mentioned delivery device can be controlled on a radical, and an optical pickup 1 
i be moved to the point of the predetermined radius R specified by the radius tab-control-specification 
ta which system controller 10 the very thing generates. - 

)16] This optical disk 1 is the rate command signal SV from a system controller 10. It is based and 
ates with a fixed angular velocity (CAV) with a spindle motor 3. Therefore, since the linear velocity 
f in a predetermined radius R location is determined by the product of a radius R and angular velocity, 
vill be proportional to a radius R. This rate command signal SV The contents of the rate command 
•le 1 1 which corresponds and is stored in the system controller 10 are shown in drawing 3 . 
)17] As shown in drawing 1 , the fixed optical system 12 is optically connected to the optical pickup 5 
>ved to radial [ A ]. The fixed optical system 12 has the laser diode 13 controlled by the; light 
>duIation method. The record quantity of light control circuit 15 as a record quantity of light control 
:ans is connected to the laser diode 13. This record quantity of light control circuit 15 supplies the 
:ord signal S2 (refer to drawing 2 B) which is a modulation current signal to a laser diode 13. This 
;ord signal S2 The amplitude is the control signal S3 supplied from a system controller 10. It is 
:ermined and is the record signal S2. The on-ofF section is determined by the binary criteria record 
nal SI (refer to drawing 4 A) supplied from the criteria record signal generating circuit 16. 
)18] A laser diode 13 carries out outgoing radiation of the laser beam which has the quantity of light' 
)portional to the record signal S2 supplied from the record quantity of light control circuit 15. After 
; laser beam by which outgoing radiation was carried out from the laser diode 13 is made parallel light 
the collimator lens 15, the sense is changed 90 degrees by the mirror 7 through a beam splitter 16. 
th an objective lens 6, it is condensed again and the parallel light reflected by the mirror 7 is 
idiated by the optical disk 1 as a laser beam. Thus, it collaborates with the magnetic circuit which is 
t illustrated and a record pit (magnetization pit) is formed to an optical disk 1 . 
)19] On the other hand, it reads, and it is reflected by the optical disk 1 which was irradiated by the 
tical disk 1 and with which the record pit was formed, and incidence of the laser beam of business is 
ried out to a photodiode 21 through an objective lens 6, a mirror 7, a beam splitter 16, and a 
idenser lens 17. 

)20] The output signal of a photodiode 21 is supplied to a regenerative circuit 22. A regenerative 
suit 22 is supplied to the symmetric-property detector 23 as a comparison means by making 
ormation currently recorded on the optical disk 1 based on the output signal of the supplied 
3todiode 21 into regenerative-signal S4 (referring to drawing 4 (S41 -S43) C - drawing 4 E). 
>21] The symmetry detector 23 is regenerative-signal S4. Duty ratio data S5 which responded A 
tern controller 10 is supplied. 

122] A system controller 10 is the supplied duty ratio data S5. It analyzes by the optimization routine 
as an optimization means to mention a detail later, and is the predetermined control signal S3. The 
ord quantity of light control circuit 15 is supplied. It is a control signal S3 by repeating this 
imization routine 25. Optimization is attained. 

Q3] In this case, control signal S3 Optimization, i.e., optimization of the luminescence quantity of 
it P from a laser diode 13, is performed in the field 4 for trial writing of an optical disk 1. namely, - 
- trying - writing - business - the radius Rl which is the most inner circumference of the 
writable field 2 in a field 4 The linear velocity LV 1 which can set And the radius R2 which is the 
ermost periphery Linear velocity LV 2 which can be set ******** ~ control signal S3 Optimization 
lerformed and optimization in all the radius locations in [ rewritable ] a field 2 is performed by the 
jrpolation routine 26 by interpolation processing by linear interpolation or the function interpolation 
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Fined beforehand. 

)24] In addition, what is necessary is just to choose it as the function showing the average property of 
• property (henceforth an optimal record quantity of light property if needed) of the radius pair 
timum control signal S3 (it corresponds to the optimal record quantity of light) of having asked for the 
tical disk 1 of two or more sheets beforehand as a function defined beforehand from all points radial 
/hen rotating by the constant angular velocity (CAV) / A ], for example. Moreover, as a function of 
erpolation, it is good also as a function proportional to the 1 -/square of linear velocity LV. 
)25] Moreover, when the optimal record quantity of light is determined with two linear velocity 
responding to two suitable radius locations, not only interpolation processing but the rewritable 
ide of a field 2, the rewritable field between the radii corresponding to these two linear velocity can 
: for rewritable fields other than between [ corresponding to these two linear velocity by interpolation 
>cessing ] radii by extrapolation processing. 

)26] In the case of linear i nterpolation, it is the most-inner-circumference radius Rl of the rewritable 
Id 2. Receiving linear velocity LV 1 Outermost periphery radius R2 Receiving linear velocity LV 2 
sides the obtained optimal record quantity of light Radius Rl Radius R2 Middle radius R3 Linear 
ocity LV 3 to {R3 =R1+ (R2-R1)/2J The optimal record quantity of light is determined and it is this 
ee linear velocity [ LV / LV, LV 12 /, and / 3 ] 1 . Linear interpolation of the between may be carried 
; and the optimal record quantity of light may be determined. Thus, by performing linear interpolation 
ii three linear velocity, a much more accurate interpolation value can be acquired as compared with 
linear interpolation of two linear velocity. 

>27] thus, linear velocity LV pair optimum control signal S3 searched for by the interpolation routine 
a property - in other words, an optimal record quantity of light property is memorized by the optimal 
ord quantity of light table 27 as a storage means. 

>28] Therefore, it becomes possible by referring to this optimal record quantity of light table 27 to 
ord on an optical disk 1 with the optimal record quantity of light in all the fields of the rewritable 
d 2. 

•29] Next, actuation of the above-mentioned example is especially explained in detail below about the 
imization routine 25, referring to the flow chart shown in drawing 5 . 
•30] First, an optical pickup 5 is moved in the direction of a core radial [ A ] by the motor 9 for 
ivery, and the system controller 10 which detected that the optical disk 1 had been arranged at the 
ft of a spindle motor 3 is the location R0 of the field 4 for trial writing, for example, a radius, 
angement immobilization is carried out in a location (step S101). In addition, radius data DR =R0 It 
t check with the output data of the encoder of the motor 9 for delivery. 

■31] Next, a system controller 10 refers to the rate command table 27 (refer to drawing 3 ), and is the 
ius R0. It is a radius Rl to a spindle motor 3 in a location. Linear velocity LV 1 which can be set 
;e command signal SV which is rotated It supplies (step SI 02). Radius R0 It is a radius Rl in a 
ation. Linear velocity LV 1 which can be set In order to make it rotate with equal linear velocity, 
en the linear velocity is settoLV01,itis LV01=(R1 /R0)LV0=LV1. Rate command signal SV 
ich becomes What is necessary is just to supply. 

32] Subsequently, a system controller 10 is a control signal S3. A value is set as a suitable value and 
record quantity of light control circuit 15 is supplied. In this case, criteria record signal SI shown in 
wing 2 A from the criteria record signal generating circuit 16 By supplying the record quantity of 
»t control circuit 15, as shown in drawing 2 B, the amplitude is a control signal S3. Record signal S2 
srmined with the value A laser diode 13 is supplied. This record signal S2 A record pit is formed in 
optical disk 1 of the laser beam from the laser diode 13 which responded. Next, the laser beam for 
d-out is irradiated by the optical disk 1, the reflected light corresponding to the record pit formed as 
ationed above is read by the photodiode 21, and it is regenerative-signal S4 by the regenerative 
;uit 22. It is formed (step SI 03). Regenerative-signal S4 at this time It shall be the wave-like 
enerati ve signal S4 1 as shown in drawing 2 C. 

33] This regenerative signal S41 is supplied to the symmetric-property detector 23. The symmetry 
jctor 23 is the maximum level VMAX of a regenerative signal S41. One half of reference level VR 
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s duty ratio data S5 (S5 =B/A) which can be set are created. A system controller 10 reads this duty 
o data S5 (S5 =B/A) (step S104), and judges whether the read duty ratio data S5 (S5 =B/A) are 50% 
p S105). 

34] When it is not 50% in the judgment of step SI 05, it is judged whether next it is 50% or more 
pSl06). 

35] In this case, regenerative- signal S4 Since it is the regenerative signal S41 shown in drawing 2 C, 
less than 50%, and it is the record signal S2. It turns out that the record quantity of light of the based 
r diode 13 is excessive. Then, control signal S3 Specified quantity reduction is carried out and it is 
control signal S3 which carried out specified quantity reduction to the record quantity of light 
trbl circuit 15. It is the record signal S2 by supplying. Specified quantity reduction is carried out 
pS107). 

36] Regenerative-signal S4 outputted from a regenerative circuit 22 When it is the regenerative 
lal S42 as shown in drawing 2 E, the duty ratio data S5 (S5 =B/A) read from the symmetry detector 
)ecome less than 50%. In this case, control signal S3 The increment in the specified quantity is 
ied out and it is that control signal S3 that carried out the increment in the specified quantity to the 
>rd quantity of light control circuit 15. It is the record signal S2 by supplying. The increment in the 
:ified quantity is carried out (step SI 08). 

37] Thus, regenerative-signal S4 outputted from a regenerative circuit 22 when the duty ratio data S5 
=B/A) become 50% by repeating step SI 03 - step SI 08 Reference level YR as shown in drawing 2 
.egenerative-signal S4 It becomes the regenerative signal S42 which becomes point symmetry mostly 
he basis of Intersection F. In addition, the duty ratio data S5 (S5 =B/A) are 50% of regenerative- 
lal S4. When recording information is reproduced, lack of playback data stops being able to happen 
jt easily. In this case, generating of a playback error decreases and dependability improves. 
38] By thus, the thing for which the judgment of step SI 05 is materialized Radius R0 in the field 4 
trial writing It sets in a location and is a radius Rl. Linear velocity LV 1 Corresponding linear 
>city LV01=(R1 / R0) LY0 =LV1 Optimum control signal S3 Since a value can be determined It is 
norized for the storage means which is not illustrated in a system controller 10 (step SI 09). 
39] Similarly, it is a radius RO. It sets in a location and is a radius R2. Linear velocity LV 2 
responding linear velocity LV02=(R2 / RO) LV0 =LV2 Optimum control signal S3 Since a value can 
letermined, it memorizes for a storage means by which it is not illustrated in a system controller 10, 
er. 

♦0] Next, a system controller 10 is the optimum control signal [ in / by the interpolation routine 26 / 
he linear velocity LV of the rewritable fields 2 ] S3. A value is calculated by interpolation 
:essing. 

41] Drawing 6 shows the optimum control signal S3 30 searched for by this interpolation processing, 
an optimal record quantity of light property. Namely, linear velocity LV 1 Optimum control signal 
jearched for with the corresponding linear velocity LV 01 The corresponding optimal record quantity 
ight PI Linear velocity LV 2 Optimum control signal S3 searched for with the corresponding linear 
>city LV 02 The corresponding optimal record quantity of light P2 The property that function 
rpolation of the between was carried out is shown. 

12] Thus, in order to determine the optimal record quantity of light in the rewritable field 2 according 
le above-mentioned example When making information record on the field 4 for trial writing formed 
le inner circumference side rather than the rewritable field 2 of an optical disk 1, At least two radii 
al [ in the rewritable field 2 of an optical disk 1 ], For example, a radius Rl and R2 Linear velocity 
/ / LV and / 2 ] 1 in a location An optical disk 1 is rotated with the corresponding linear velocity 
)1 and LV02, and it is the optimal record quantity of light PI and P2. It asks.. He is trying to 
ulate the optimal record quantity of light [ in / by the interpolation routine 26 / all the locations of 
rewritable field 2 of an optical disk 1 ] by interpolation" processing or extrapolation processing. For 
reason, the optimal record quantity of light can be comparatively calculated in a short time from all 
linear velocity LV in the rewritable field 2 of each optical disk 1 . 

\3] In addition, as for this invention, it is needless to say that various configurations can be taken, 
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hout deviating from the summary of not only the above-mentioned example but this invention 
'44] 

feet of the Invention] In case information is made to record on the field for trial writing formed in the 
er circumference side rather than the recordable field for users of an optical disk as explained above 
ording to this invention optical disk recording apparatus, by the record quantity of light control 
ans The above-mentioned optical disk is rotated with the 1st and 2nd linear velocity equal to the 
;ar velocity in at least two locations radial [ in the above-mentioned recordable field for users ]. 
ormation is made to record on the above-mentioned optical disk with the 1st and 2nd record quantity 
ights, respectively. With a playback means, a comparison means, and an optimization means The 1st 
he 1st and 2nd linear velocity of the above in the field for trial writing of the above-mentioned 
ical disk optimized and the 2nd record quantity of light are calculated. He is trying to calculate the 
imal record quantity of light in all points radial [ in the above-mentioned recordable field ] based on 
1st and 2nd record quantity of lights by which optimization was carried out [ above-mentioned ] with 
operation means. For this reason, the effectiveness that the optimal record quantity of light can be 
iparatively calculated in a short time from all the fields of the record section for users of each optical 
c is acquired. 

45] Moreover, when making information record on the field for trial writing formed in the inner 
:umference side rather than the recordable field for users of an optical disk in the 1 st process 
ording to this invention optical disk record approach, Rotate the above-mentioned optical disk with 
iar velocity equal to the linear velocity in at least two locations radial [ in the above-mentioned 
xdable field for users ], and the optimal record conditions are searched for. He is trying to search for 
optimal record conditions in all the linear velocity in the above-mentioned recordable field by 
forming interpolation processing or extrapolation processing to the optimal record conditions of two 
itions which were carried out in this way and for which it asked in the 2nd process. For this reason, 
effectiveness that the optimal record conditions can be comparatively searched for in a short time 
n all the fields in the record section for users of each optical disk is acquired. 



mslation done.] 
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REPTION OF DRAWINGS 



Description of the Drawings] 

ing 1] It is the diagram showing the configuration of the optical disk record regenerative apparatus 
'hich one example of the optical disk recording apparatus by this invention was applied. 
ing 2] It is the diagram showing the flat-surface configuration of an optical disk among the optical 
:cord regenerative apparatus shown in drawing 1 . 

ing 3] It is the diagram showing the contents of the rate command table stored in a system 
Her among the optical disk record regenerative apparatus shown in drawing 1 . 
ing 4] It is the wave form chart with which explanation of the optical disk record regenerative 
tus shown in drawing 1 of operation is presented. 

ing 5] It is the flow chart with which explanation of the optical disk record regenerative apparatus 
in drawing 1 of operation is presented. 

ing 6] It is the diagram showing the optimal record quantity of light property searched for with the 

I disk record regenerative apparatus shown in drawing 1 . 

iption of Notations] 

cal Disk 

ritable Field 

1 for Trial Writing 

;ord Quantity of Light Control Means 
generative Circuit 
nmetri c-Property Detector 
timization Routine 
jrpolation Routine 

:imal Record Quantity of Light Table 
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ilfC^UC^l to<fctf#2©^T±8B#?w;***ig 

' ±f Bftr KiBii 3 ft/cfg*8£#£ U T±IB!g 1 to 
<fcCf»2©Kli^CC»j6bfcflrife < fccr*2CDS^fi 10 

m 1 to J: V»2 ©IBflatSKSr**, ±SBa-if -fflfB 
ISW^*CctoW^^T(Di^^toursai^:-£>gB» 20 

««fc«M*8B»3#*l* % JJBa-lfffiiEISfliJttMi* 
CCto W &¥&frft©4>& < ' 1 4 2 o<D(i^CC to# 

rrt»«ai*3rctt^»«ffli«:if9c ±Ea- 30 
tf-fflffi»^ffi«^to^&^<^ar©«iBi3»* 

[JMOHW&IM!] 
[0 00 1 ] 

[■*KLh©Wm»»] **M!tt. M&tf. «9iBUE«* 

x * gB««sto <t v^co-tsmx. m r * . 

[0002] 

LTIB^fc:->h *JBJdrt-*BL 

*u-tf:)fc<Q3fcS, Tfcfr%iB»:HM**3ttfflfcRJ$ 
?Z>iXm&bZ>. ««3ft/cfE«tT3r hO^^r^— CC 

IBM®g^f^±3^^>/c^r*^ 0 

[0003] fiBaats^jsa^fflcciftjer */c«>, 
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J&5S34V. c©Kb«*««rtr^s«:*tj6-r^---o<D 

[0004] 

[000 5] l/*>Lft*s&, i*^fl^^lB^*r^ii^ 

Biai*jffl^fc»«C*f6<E>lftHCCtoWS Yvv 2X\ZM% 

[00 06] *»IBttC©<fc^^SOTCC«*T3Cc3nyfc 
iOtM. fl^©*^-/ X"^03L--tfffllB»««tcto 
W&«BgB««fr*Jtt8K^BI«c*«>^ C £©r# Z> 

[0007] 

[TOMrs/c^^g] ^ahxt* -Treats 

gli, 0 1 (c^r J: ^ jfef** x# 1 <dzl- 

*fm%mBj%m®2 * 0 *>rt^wjjcwos#ffl««4 * 

a-1ffflgB«?Iffi««2 fCtoW£*a#fa©*M* < £ 4> 
2-ocDftgR, , R, tcfettSfl(&fc«Lc>mtoJ:tf 
*2o«ar*7 t ^^^ 1 *@iE3-a-r. 

to«fc0»2 ©IBflBftSriSB*^ -/ X *CC»«%!B»3 
*&Gflk%BiH»#£K 15i. ^X^l CCIB&3 ti 
fc»«*»£0T±tBf|i 1 toAaf»2 ©IB»*fi«:jftJ6 
WfcJSl toJ:0W2©?l*«^*HJ*-r*lf**S2 2 
<t k ±ffi»ltoJ:^»2<DW*e#i J P«6S8&6n/c« 

a»*e#ittt«-r5Jt«#i82 3 <b, 'ibises 2 3 
1 toj:cf»2©ia«56**«a^b-r**sift*a2 

5i, aW9S2 6&«#L. »»*S2 6tt«j8{b* 

S2 5tcj:-or«{b3nfc»i te<fccfflsr2©i3«atfi 
tcs^^r. ^-if-«iB»nJjB««2Ccto^*^r<o« 

it cc toe » r «« i & s izmytmi&ftm mm & tc&pm& 
[0008] *9m% j ?4 ^^te»*ffi«» 0ix.«, 0 

2J:-0fcftJM(cKO«»fii«M4«)l»SL. C(Di*0 
«#»«i«4CCtll«*g^»3^IS. J.-1fffliB»nJS6 

«[« 2 «ctow & *a*fii a ©d>«t < t h 2 o©{i^ 

*> CC LtcJfttbtc 2 ocDI&lCctott -6fti8SB»^&ftCcS* U 
^ 1 ©a-lf-SgB»?I»««2 \C*M*±X<omix 
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[0009] 

* i ©a- mmmmm2 & o ^mm^m^tx 

* 1 (cflNR«eft3* % W£^©2 2 itktt*S2 3 t . 
^aifk;^f52 5i^J:0. KLitffl««4fc^S± 

§em i *£tm2<Dmm?<o&&it$txtcm 1 

2 ©8E»jfeB£#«> . »2M% 2 6 CC J: 0 ±iE*»b $ 
ft/cSfl 1 te J:CJf» 2 <DiB»36»cS-3* . :x-*tf ffifB& 

[ooio] x&wytT*! AzmmfiSticxtitt* m i 

!fJBIBfI*nJfifcffli«2<fc»3 

tf&figL J.— tffflSB«?I»«i«2K:*$W-5*a*fiIA© 
-^&< ±fc2o©tMBR, . R, K:*sttS«»K:«bl> 
aar*^** 1 *BESl*r«J8IB«*fl=«r*«>. 
»2©iMlr. CCD^ , >(Cb/c*fe/c2o<D{i^R 1 . 

r, tc4Bwsaa<t9L/c»jB»T©»aiafiaift«c*rL, 

fflSB»WtB«« 2 CCfe^^^r ©«jSro!>*JBiB«Saiff' 
^feff «: it « ween cc^cfi?) * c £ asr £ 6 . 

[0 0 1 1 ] 

err, -t&myt?* zztzmfimimmzti 

[0012101 tt*|fi»««C<fc ^56^^ X ^Ifiii^Jg 

wsffl $ n/c^^ ^ x ?ist§t&££s<^Kfttt Jibs* 

[0 0 1 3 ] Sll fed: 0^2^*51^, ltt^f^x^ 

cG>*fw**i *rm&moimm®v 

**«*»*nJtB««2£«0Tl»*. C<D#£&*nJ 
tWl«2tt, fSRa ^p^^IR, *w;>^tt©« 
WCttoTO*. *fe. C(D»«jAitnIlffiffi«2CDn» 

«l«cKl/»*««l«4 3WB«snrc>-5. c<z>»o«* 
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tooi4] coyytr i <D-r ^ x^Mtcftftur 

* 1 <D^{£#[njA tc&ft $ n Z> J: o nt l» 
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[6 o l 5 ] 3etr**r 9^5o^a5JfiiA±<Difta % 

10 -T^t>^*SR«, XtT> KJl/*-dr8<DBEtt«:«as 
r->x-r*A3i>hn-7 1 0 ft*. 

■5 1 o atf^a^-r^^sffliBJBje^-^rjBjesns 

[0016] C«fYX^l Fn- 
20 *3fcJ:-?T--®Z>ft*B (CAV) "ClHlE^tl^ck^ 

loo i 7] Hifc^-r^^cc. *a*fijA*c»»sti 
&xt:9^T9^5<cjktu r mm%&m i 2 jwk^wjc 

•WPStiSb-Ify-/*- Fl 3^bT0^ o lx— tf 

30 ^-r *- k 1 3 cctt. ia^*a$fjt®^s£ it©ga«« 
jki 5K, manmm^-c&z&mm^s, (B2b# 

JH) *U— 92**- Fl 3«C«|&TS. C(DIBl^t-^ 

z>2m<Dmm&$m^s x (H4a#jh) ccji^rsue 

[00 18] U— 9#A*-V 1 3«, IB^7cS»IhI 
40 Bl 5^5^$ti4eflHt#S,(CttM-r&jl|gJft«# 

«3*ifcU— !f5fett* =3';y-^U>Xl 5tCj:oT^ 
fx* £$n/c&. tf-AX^y ^ 1 6£i!0, 

Stiru-^dur*^^^^ i*cjhws<t,4. c<d 

^^(CLrHStbtt^ttSlHBittilbT*^-* 1 
[00 19] jfer^X^ H«n/c^HlL 
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[0 0 2 n^t^@3§2 3«, «£««S, tCfc 3 

[0 02 2] 0«; tfc£3*ift: 

#S , ^ieil^tg|fl@K 1 5 ItmtZ, C (DMMit 
Jb- * > 2 5 HTCtttC* Q-ftgftHt# S , ®*38 

[-0 0 2 3] C<DJ#^ WSPS-SfS, QjgtSHb. tfr*> 
[0 024] ^^e6 *> titmk 1 1 T« % 

tf> a$tfc0#^ -rf X 2 1 ( C A 3( 

V) r@&L,/c£.#©^ 

[002 5] *fc % ftwmmtcm*?. wz&z.*jm$R 

«2 2 o<D*g{ig{c*fjfe-r 2 o©tet 

[0026] Sig»ra<D«i&(ctt. «tr&*nj 

¥&R, t^mR, <D*IB|CD4M£R, {R s = R, 
'+ (R 2 -Ri ) /2) fc»-r*fe»LV, TCD&SiZ 
lltiKKtt&U CCDSoCDJ^jiLV, , LV, , LV 
, m*fc&ffiMLX&3B&$mMZ&iJ£0X frj:t». c 
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[■00 2 7 ] c0<t^br«[4^*>2 eccgtoi: 
i^a^-^jM2 7 ttfeft^i. 
.tete^x^E^mxyt? a x* 1 fckdft "t 

[ 0 0 3 0 ) ^T, X* 1 P-JI^^ jr 3 

1 0«, ^ 0 ffi^fc- ^ 9 tC J: 0*t* v y ^5 

oi) . mm?-*n K =r 0 mm%^z 

*§4Hr- ^;U2 7 (03#^) ^#MUT^CD^R 0 
<Dfi«r VK^-ZSfcMisXk&R, tetevz 

* <*^7.^S 10 2). *SRo cS&gr*SR, CC 

««*a*LV„iLfti4# % LV oi = (R, /ft, ) 
LV 0 =LV, Kft£J:-9taUttR«fl;-*S v 

[00 3 2] ^C^r, ^T"A3>ht3^^ 1 $fj 

1 5CC«^$ti5CiCCJ:D, H2B'JCSWJ:-9«. i£ 

tf^-f^-^Kl 3K{&££*1£. CCDfB^ft^S 
, CCC&O/cU-tf^^^- Kl 3^5<DU--tf^Cj:o 

r*^-f x^iccia^t-^ acto, 
4*- K2 it<c£^xmfrmt>tim&\3m2 2tc£K>m 

4ft^S, W&f&ZtlZ (X^yJS 10 3). C<Dt 

zomaLfms 4 i*m 2 c cc^r j: 5 ttttJBQB&ft'* 

[0033 ] C<OS*-g#S ia 3W*«*ffiftHi@S82 3«C 
^^^^.--r^itr-^S, (S, =B/A)*ffJSr 



-^S, (S, =B/A) Uf7 7'S10 

4) . R^i^cf^-Twtt^-^S, (S 5 =B/ 

a) #5 o%ra*j&>£5ife4«5&r* (xf^'s 1 

05) .. 

[0034]Xf-^Sl 0 5<D*iJ^^fe^T5 0%r 

mznz (^f^s io6)„ 
[0 0 3 5] c©*^ n^m-^s, #ia2 Cit^m 

^$#^> Uf^S 1 07) 0 
[0 0 3 6] t 2^6ffl*StlSHft« 
■s|S 4 *5H2EtcSK-rJ:^3Q:Wft«#S < ,r*r>fciift^ 
CCtt. »**tt»fflBB2 3 3D»eR*a*nSf r A-^-f 
it^-^S, (S, =B/A) 3^5 0 C 

tmmK 1 5 ic^ommmtm $ # /awspfi-st s , 

1 0 8) . 

[0 03 7] CtfXfcO&CLT^T^r/S 1 0 3—X-5r? 

1 0 8*|R9)E?C&K:£9?\»~?w&? s --*S 
, (S, =B/A)*J5 0m-jfci*lcft »£@ 
B2 2^6Ui*3nSS*m^S 4 3^H2Dfc^-rJ:^ 

tft£^K&S?f£tt#S,,lcft«. ft*>\ 
Ihf-ZSt <S S =B/A) 36*5096<DW^fS#S 4 

#4>ft < ft ^ r ®Htt*sfii±-r <& . 

[0 0 3 8] C<D<£5KLr, *7v7S 1 0 5©fl£ 

HfCfc^T^&R, CDifg&LV, tt^Jfrf &4§«1LV 01 
= (R, /R. ) L V B =LV, r©S$g«HJfflim#S, 

f^'S109). 

[0039] @««c it, f^R Q <DftgK::tei>T^& 
R, ©SilL'V, CC*H6-T5«aLV ftl = (R, / 

Ro ) Lv e =lv, r<Dsasiita«i#s s 

rt (DBS U ft C >f Btt^&KiBtt u r te < . 
[0 0 4 0']-%fC. ^fA3>hD-7lO«, IfS 

)i-?-^2su:&y) m^^imm 205 *><d±x<d 

[0 0 4 l]S6ti, C©rtJf«iStcJ:-3T*«!>^ti^ 
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UTOS. Tftfr-fc. 1KSLV 1 (cj5ti&rs«ilLV 01 

BMKMKIB $ n/c#tt£^ U TV » * . 
[0 042 ] C<Z><fc "5*c±E©SafcWcc 

* x * 1 ®<»a*iftBttNI2 J: 0 6 AflMCOMt 

10 x * l <DSti » A ?JttfJM 2 tebw £^#ftcD4>ft < 
ifc2o(Dm WAtf^SRa . R 2 (DVOUCtottZ 
m&LV, , LV, fc»j6Lfc*aLV 01i LV PJ t^ 
^^lfcBISSI^CMieMattP, . P, 

*b^-^>2 etej:*)*?^ i <D»#jft^pjt8« 

«2<D^r©taa«:tew&MiE««6fi^rt»»a*?fc 
tt^»«Hiecj:03jc«)SJ:5K:L/TC^. COW, ffl 
* Wfcr -f X * 1 pJtB«« 2 tcfctf^^r © 

20 [0043] ftfc. *^tt±SB<0HJIi«{CiR6r** 
[0044] 

aa»3e«Wffli*s«:j:o. ±ib^— *f^^ 

»Itt«««:*j^S¥a^ifij©^ft < i & 2 OGO&gttfc 

»&t*iuc*bt^ i *j«fctfsr 2 o«ar±ia*^^ x 

«CC^«±B«1 *5i:O f S2<DJSii'C<DSjg<t$tl/c 
m 1 «sJ:cnR2 ©ffi»*a**«>. J: 0±iB 

*a<kSn^l*J:c;*2CC>g3«*aK:S-^*, ±IB 

40 »3&S»6h&. 

^ft< ifc2o©ffiStc*jW^«a«:«u^JSilr±iB 

It c (DJ: 9 Utc&ibtc 2 o(Ota[jacD*aB2»*fr «: 
»t/Trt»^*yttt^«yi«f 5CiCCj:«3. ±IB 
IB»nJtt««CC*5W %^T'CD«jSr<Z)WUBfl%fi=«:3K 
50 2«>5<fc^CCl/Tl^ 0 CCDtctb. UBtOytT* 4*#<D* 
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